Abstract-Region of Interest (ROI) extraction is a crucial step in automatic hand vein biometric and biomedical systems. The aim of ROI extraction is to decide which part of the image is suitable for hand vein feature extraction. The majority vein patterns sometimes can be determined at different locations; left, right and centre of the back of hand. The existing methods have not been able to extract more vein patterns at the right and left borders of the ROI. This paper proposes a hand vein ROI extraction method which is robust at avoiding loss of vein patterns information along the right and left borders of the ROI. First, we determine the threshold value, which will be used to segment the hand region. Second, the hand image is traced using boundary tracing. Third, the Euclidean distance is measured between reference point and hand boundary. Fourth, the distribution diagrams are constructed for the feature points selection. Finally, four coordinates are determined prior to ROI extraction. The experimental results show that the proposed method can extract ROI more accurately and effectively compared with other methods.
I. INTRODUCTION
Peripheral intravenous (IV) is most often a necessary procedure in modern emergency medicine to gain rapid venous access in situation where the condition of the patient precluded successful cannulation to administer fluids, medications, and blood infusions. An IV access is done on a patient by inserting a needle or catheter through the skin into a vein, usually in the hand or arm.
Although, a catheter is a small tube, it is most often difficult to be placed into blood vessel of some patients. The extent of difficulty in cannulating a vein depends on several factors; a chubby infant, a patient at an extreme age, with chronic disease or with dark skin complexion [1] . These factors can make finding veins with the naked eye difficult or impossible. A study conducted in France reported that paramedics had 76% IV success rate during the first attempt and 98% at the second attempt for 669 enrolled patients [2] . Another study in United State reported that 9% patients from a total of 249 required more than four IV attempts [3] . Although the percentage of reattempts to gain IV access is small, they can lead to various negative impacts on patients such as fainting or feeling lightheaded, hematoma (blood accumulating under the skin) and pain. In addition, each IV access attempt not only simulates pain, but the frightful and stressful moments faced by children patients particularly, may eventually lead to the development of severe psychological problems such as needle phobia or worse still, hospital phobia [4] .
Near-infrared (NIR) imaging offers a solution for veins visualization as it can penetrate up to several millimeters into a tissue (i.e. skin) with a specific wavelength between 700 and 1000nm [5] . However, its image acquisition often resulted in vein patterns with poor contrast, non-uniform gray level and noises because the acquisition is affected by luminous intensity and thickness of the back of hand skin [6] .
In pre-processing of a hand vein image to aid the intravenous access, the main task is localization and segmentation of the region of interest (ROI). ROI of a hand vein image refers to the region of hand which is filled with an abundant hand vein pattern network. The aim of ROI extraction is to decide which part of the image is fit for hand vein feature extraction, reserving the useful information in the ROI and removing the useless information in the background. Usually, ROI extraction is based on a ratio at selected points. The main purpose for extracting ROI based on ratio is to ensure that all ROI references to the same region on the hand vein image are irrelevant to the size of the hand. Besides that, it will increase the tolerance of the system against hand rotation.
Some hand vein ROI extraction algorithms have been proposed. The works of reference [7] [8] [9] [10] proposed a ROI localization method based on hand shape characteristic. The square ROI extracted with a size between the fourth finger-web and second finger-web. This method has shown to suffer from loss of vein patterns along the right and left borders of a hand image. The loss of information could be the venous bifurcation. Venous bifurcation is the optimal insertion points where it can minimize the vein rolling as opposed to inserting along the midsection of a single vein [11] . Reference [12] have employed similar method to [7] [8] [9] [10] for ROI extraction with some modification. Although this method has been able to produce larger area of ROI compared to [7] [8] [9] [10] , it is still unable to solve the problem of loss of vein patterns along the right and left borders of the ROI.
The limitations of existing ROI extraction techniques have motivated further exploration for an efficient and robust method for hand vein ROI extraction. Thus, this paper proposes a new ROI extraction technique which can effectively avoid the problem of loss vein patterns along the right and left borders of the ROI. In the technique, first segment the hand region, second obtain the hand shape using boundary tracing algorithm, third construct Euclidean distance diagram, fourth select feature points, then established coordinates of ROI; lastly extract the ROI. This paper is structured into four sections. The overview of peripheral IV access and the problems encountered in the existing techniques of ROI extraction are discussed in this section. Section 2 and 3 presents the image acquisition method and the proposed hand vein ROI extraction. Then the results obtained are presented and discussed in Section 4. Lastly, Section 5 concludes the findings of the research work.
II. HAND VEIN IMAGE ACQUISITION
In this work, a Sony CCD TV camera is used to capture images of vein patterns at the back of a hand. The subject's hand is illuminated by 48-near-infrared light emitting diodes (LEDs) with wavelength of 890nm. The LEDs are equidistantly mounted around the camera lens to ensure an even illumination on the hand skin. The current level of the LEDs can be manually adjusted according to the environment. Subjects were asked to place their hands on a small platform with the back of their hand facing the camera. The output of CCD TV camera, which is an NTSC video signal of subject's hand is then converted to digital signal before being transmitted to the PC for image processing.
III. HAND VEIN ROI EXTRACTION
In hand vein imaging, ROI refers to the portion that contains the most important and useful information. Therefore the captured images are firstly subjected to ROI extraction for effectively and successfully carrying out the subsequent steps of the hand vein enhancement system. Fig. 1 illustrates the block diagram of the steps employed in the ROI extraction. 
A. Hand Region Segmentation
The ROI extraction begins with finding the optimal greylevel threshold value, in an image histogram using Otsu's thresholding [13] . The threshold value is used to segment a hand vein image into two main classes which are the object (i.e. hand region) and the background. This produces a binary image of a hand.
B. Boundary Tracing
In a binary image, the outline of a hand is traced using boundary tracing algorithm to separate nonzero pixel area from zero pixel area to extract a patient's hand contour. The algorithm first scans the hand image from left to right and from top to bottom in order to find the first nonzero pixel, P 0 . The location of P 0 is used as the starting point of the region border. Then, the tracing is continued to search for the next point in clockwise direction by 8-pixel connectivity until the starting point is reached. All visited pixels are the points on the contour which can be called border-pixel-vector (BPV). Fig. 2 shows a blue line, a result of hand boundary tracing a binary of image. 
C. Euclidean Distance Computation
The next stage is calculation of Euclidean distance to measure a distance between BPV from its reference point. Before the Euclidean distance can be computed, a reference point must be selected. In this work, the intersection line formed by the mid-point of hand wrist and bottom margin of a hand image is selected as a reference point. An example of a reference point is illustrated in Fig. 3 . 
D. Feature Points Selection
After calculation of the Euclidean distance between BPV and reference point, distance distribution diagrams are constructed to select feature points. The pattern of distribution diagram is rather similar to the geometric shape of a hand as shown in Fig. 4 (a) , where the local maxima represent the finger-tips and local minima represent the finger-webs. As a result, a total of five local maxima (indicated by red points in Fig. 4 (c) ) and four local minima (indicated in green points in Fig. 4 (b) ) are selected as feature points.
In order to establish a larger size of ROI, two additional points are proposed, indicated in yellow points in Fig. 4 (d) . The first additional point is determined based on the mirror image distance between the second finger-web and second finger-tip. The second additional point is determined based on the mirror image distance of the fourth finger-web and the fifth finger-tip. 
E. Established ROI Coordinates
To extract the ROI, four coordinates have to be determined as illustrated in Fig. 5 . The first coordinate, P1 is established at the middle point between the second finger-web and the first additional feature point. Next, P2 is located at the middle point between fourth finger-web and the second additional point. Then, P3 is obtained 90˚ clockwise using linear transformation from coordinate of P2 with a distance equal to the line constitute by P1−P2. The same procedure is applied in order to obtain P4 based on 90˚ counter-clockwise from coordinate of P1. As a result, ROI is defined as a square region of R P1P2P3P4 as shown in Fig. 5 . This is a new method used to obtain larger ROI for a hand. 
F. ROI Extraction
The extraction of ROI begins by automatically cropping the loose areas (indicated by yellow lines in Fig. 6 (a) ) which contain all ROI coordinates, P1, P2, P3 and P4. Fig. 6 (b) shows an example of ROI region with its corresponding extracted ROI in Fig. 6 (a) . Then the ROI area is rotated to a standard orientation as represented by the dotted lines in Fig.  7 . To do this, the angle between P1 and P2 is calculated using MATLAB Four-Quadrant Inverse Tangent function, atan2 as follows: Fig. 8 (a) shows an example of ROI with loose area before being rotated. Fig. 8 (b) shows ROI of P1, P2, P3 and P4 in a standard orientation after rotation using MATLAB imrotate. Finally, a square region of ROI is automatically cropped using MATLAB function imcrop to obtain an ROI as shown in Fig.  8(c) . 
IV. RESULTS AND DISCUSSION
In order to evaluate the performance of the proposed ROI extraction method, two other methods in literature have been implemented for comparison. They are the Hand Tracking and ROI Extraction methods by [7] and ROI Extraction method by [12] . The results of three test images are shown in Fig. 9 and Table. The three ROI vein images represent a majority vein patterns at different locations; left, right and center of the back of hand. As can be observed, a majority of vein patterns in the first row of the image tend to be at the left side of the hand. ROI detection by [7] has resulted in a square ROI and the one 
